This paper deals with the development of an inventory model for time varying demand and constant demand; and time dependent holding cost and constant holding cost for case 1 and case 2 respectively. Previous models incorporating that the holding cost is constant for the entire inventory cycle. Mathematical model has been developed for determining the optimal order quantity, the optimal cycle time and optimal total inventory cost for both cases. Differential calculus is used for finding optimal solution. Numerical examples are given for both cases to validate the proposed model. Sensitivity analysis is carried out to analyze the effect of changes in the optimal solution with respect to change in various parameters.
Introduction
It is important to find the optimal stock and optimal cycle time of inventory to meet the future demand. The main objective of inventory management is to minimize the inventory carrying cost. In traditional EOQ model, the demand rate is assumed to be constant. In real life, it is frequently observed that demand for a particular product can be influenced by internal factors such as price, time and availability. The change in the demand in response to inventory or marketing decisions is as demand elasticity. Thus, when the demand rate is constant, the effect of variability of the holding cost of the total inventory cost functions of such models has also been considered. Two types of demand and holding cost have been considered (i) time-dependent demand rate and time-dependent holding cost for case 1 (ii) constant demand rate and constant holding cost for case 2. An algorithm that minimizes the total inventory cost is developed.
Various models have been proposed for constant demand rate with constant holding cost. Teng et al. (2005) developed an EOQ model on optimal pricing and ordering policy under permissible delay in payments by assuming that the selling price is necessarily higher than the purchase cost. They established an appropriate model for a retailer to found its optimal price and lot size, simultaneously, when the supplier offered a permissible delay in payment. Goyal (1985) developed an EOQ model under permissible delay in payments but ignored the difference between the selling price and the purchase cost. Aggarwal and Jaggi (1995) extended Goyal's model for deteriorating items and Liao et al. (2000) developed an EOQ model for stock-dependent demand rate under permissible delay in payment. Muhlemann and Valtis-Spanopoulos (1980) investigated the constant rate EOQ model but with variable holding cost expressed as a percentage of the average value of capital investigated in stock. Vander Veen (1967) presented an EOQ inventory system with the holding cost as a nonlinear function of inventory. Weiss (1982) investigated traditional EOQ model with the holding cost per unit modified as a nonlinear function of the length of time an item was held in stock. Goh (1994) presented an EOQ model with general demand and holding cost function and demand rate for an item was considered as a function of existing inventory level and carrying cost per unit was allowed to change. Alfares (2007) presented the step structure of the holding cost by considering the inventory policy for an item with a stock-level dependent demand rate and a storage-time dependent holding cost. The holding cost per unit of item per unit time was assumed an increasing function of the time spent in storage. The holding cost was assumed to be varying over time in only few inventory models. Giri et al. (1996) presented generalized EOQ model for deteriorating items with shortages, in which both the demand rate and the holding cost were continuous function of time. Datta and Pal (1990) developed an infinite time horizon deterministic inventory system without shortage, which has a level-dependent demand rate up to a certain stock-level and a constant demand for the rest of the cycle. Pal et al. (1993) presented a deterministic inventory model assuming that the demand rate was stock-dependent and that the items deteriorate at a constant rate. The total profit over one production run is maximized by numerically solving two non -linear equations.
In the study of EOQ model, the effect of inflation cannot be ignored. In this direction Hou and Lin (2009) presented a cash flow oriented EOQ model with deteriorating items under permissible delay in payments. In this study, they also considered cash flow as part of their modeling formulation. Tripathi et al. (2010) extended Hou and Lin (2009) model by considering time-dependent demand rate. Liao et al. (2000) presented an inventory model with deteriorating items under inflation and permissible delay in payment presented. Liao et al. (2000) developed an inventory model for initial stock-dependent consumption rate when a delay in payment was permissible. Hou et al. (2006) developed an inventory model for deteriorating items with stock-dependent consumption rate and shortages under inflation and time discounting. Hou (2006) presented a finite planning horizon inventory model for deterioration items with stock-dependent consumption rate and shortages with the effect of inflation and time-value of money on replenishment policy. In this direction, Jaggi et al. (2007) presented a model retailer's optimal ordering policy under two-stage trade credit financing. They also developed an inventory model under two levels of trade credit policy by assuming the demand was a function of credit period offered by the retailer to the customers using discounted cash flow (DCF) approach. A DCF approach permits a proper recognition of the timing of cash flows connected with an inventory system under the trade credit. Dye et al. (2007) investigated inventory and pricing strategies for deteriorating items with shortages using a discounted cash flow approach. They found the optimal inventory and pricing strategies maximizing the net present value of the total profit over the infinite horizon. Chung and Liao (2009) developed an optimal ordering policy of EOQ model under trade credit depending on the ordering quantity from the DCF approach. They discussed the optimal order quantity of the EOQ model that is not only dependent on the inventory policy but also on firm credit policy using discounted cash-flow (DCF) approach and trade credit depending on the quantity ordered.
Researchers in the past have established their inventory lot-size models under trade credit financing by assuming that the demand rate is constant (Jaggi et al., 2011; Hsu, 2012; Roy et al., 2012) . Recently, Teng et al. (2012) established an EOQ model with trade credit financing for non-decreasing demand and optimal solution and relevant managerial phenomena was also calculated. An EOQ model with delay in payments and time varying deterioration rate was discussed and developed by Sarkar (2012) where the retailers were allowed a trade-credit offer by suppliers to buy more items with different discount rates on the purchasing cost. Hung (2011) developed an inventory model with generalized type demand, deterioration and backorder rates. Hung (2011) extended their model from ramp type demand rate and Weibull deterioration rate to arbitrary demand rate and arbitrary deterioration rate in the consideration of partial backorder. Khanra et al. (2011) presented an EOQ model for a deteriorating item with time-dependent quadratic demand under permissible delay in payment. In this paper, an effort has been made to analyze an EOQ model for deteriorating item considering quadratic time dependent demand rate and permissible delay in payment. Sana (2010) formulated optimal selling price and lot size with time varying deterioration and partial backlogging. In this work, an EOQ model over an infinite time horizon for perishable item where demand is price dependent and partial backorder permitted is discussed. Deterministic inventory model for deteriorating items with trade credit financing and capacity constraints is developed by Liao and Huang (2010) and they presented an inventory model for optimizing the replenishment cycle time for a single deteriorating item under a permissible delay in payments and constraints on warehouse capacity.
In this paper, we consider the demand rate is time varying and holding cost is time-dependent for case 1; and demand rate and holding cost both are constant for case 2. The main objective of this paper is to obtain minimum total inventory cost (TIC), order quantity and corresponding order cycle for both cases. The remainder of the paper is organized as follows. Relevant notation and assumptions are given in the next section. This is followed by mathematical formulation in the section 3. Algorithm and numerical example is given in section 4 and 5, respectively followed by sensitivity analysis is in section 6. Finally, suggestions and concluding remarks are given in section 7.
Notations and Assumptions
The following notations are used throughout the manuscript: k : ordering cost per order : optimal cycle time foe case 2 TIC : total inventory cost per cycle TIC* : optimal total inventory cost per cycle for case 1 TIC** : optimal total inventory cost per cycle for case 2 TIC 1 * : optimal total inventory cost per cycle for case 1 as β→ 0 Q : ordering quantity Q 1 * : optimal ordering quantity for case 1 Q 2 * : optimal ordering quantity for case 2 Q 11 * : optimal ordering quantity as β→ 0
In addition, the following assumptions are being made to develop aforesaid model:
1. The demand rate R(t) is decreasing function of time with increase of 'β' for case 1 2. The demand 0  rate is constant for case 2 3. The holding cost is time dependent and holding cost parameter 'h' i.e. h(t)  h .t 4. Shortages are not allowed 5. The inventory system under consideration deals with single item 6. The planning horizon in infinite and lead time is zero 7. The demand rate (for case 1) R(t) is decreasing function of time is expressed as
Mathematical Formulation
The objective is to minimize the total inventory cost (TIC) per unit time, which contains two components: (a) the ordering cost and (b) the holding cost. The ordering cost per unit time is (k/T), since one order is made per cycle. The total holding cost per cycle is the integral of the product of the holding cost h(t) and inventory level I(t) over the whole cycle 'T'.
Since the demand rate is equal to the rate of inventory level decrease, the rate of change of inventory level is governed by the following differential equation:
The on-hand inventory level at time 't' I(t), can be evaluated on solving (3) with the initial condition I(T) = 0, we obtain
and the order quantity is
From (3), we obtain
Case 1. Time dependent demand rate and Time dependent holding cost
In this case, holding cost h is assumed to be an increasing step function of storage time. The holding cost depends on the length of the storage used in this case. The total inventory cost per unit time is expressed as
Using Eq. (6) in Eq. (7) yields,
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The optimal (minimum) Q =Q* is obtained by solving
If β→ 0, the optimal Q = Q*= Q 11 * reduces to 1 3 2 3 1 0
and TIC = TIC 1 * =
Case 2. Constant demand rate and constant holding cost
The objective is to minimize the total inventory cost (TIC) per unit time. The total inventory cost (TIC) contains the same components as stated in case 1. Since the demand rate is equal to the rate of inventory level decrease, we can describe I(t) by the following differential equation:
The solution of (13) with I(T) = 0, is given by
The order quantity Q = I(0) = 0 T 
Thus,
In this case, the TIC per unit time can be expresses as 
Substituting the values of T from Eq. (17) into Eq. (19) yields,
Differentiating (20) 
The optimal (minimum) Q = Q 2 * is obtained by solving
Numerical Examples
Example 1: Let λ 0 = 500 units/ year, k = $ 400 per order, β = 0.1. Table 2 Values of optimal T = T**, Q = Q 2 * and TIC = TIC** for different values of 'h' for example 2 (Case 2) h Q = Q2* T = T** TIC =TIC** h Q = Q2* T = T** TIC = TIC* 
Sensitivity Analysis
To find sensitivity analysis, the effect of parameters 'h', 'k' and 'β' on the optimal solution, the set of values of 'h', 'k' and 'β' are assumed to as h = 60 , 55 , 50, 45, 40 , 35, 'k'= 410 , 420, 430 , 440, 450, 460, 470, and 480, and 'β'= 0.2,0.3, 0.4, 0.5, 0.6, 0.7, 0.8, and 0.9. Meanwhile the other parameter values follows those data mentioned above in the numerical example 1. The results of sensitivity analysis are given in Tables 3, 4 , and 5.
(i) Sensitivity Analysis: (for case 1).
Table 3
Variation of optimal solution of Q = Q 1 *, T = T* and TIC = TIC* with the variation of 'h' and 'β', keeping all the parameters same as in Example 1. (ii) Sensitivity Analysis: (for case 1) Table 4 Variation of optimal solution of Q = Q*, T* and TIC* with the variation of 'h' and 'k', keeping all the parameters same as in Example 1. (iii)Sensitivity Analysis: (for case 2).
Table 5
Variation of optimal solution of Q = Q 2 *, T = T** and TIC = TIC** with the variation of 'h' and 'k', keeping all the parameters same as in Example 1. Based on the results we can make the following conclusions, (a) Based on the observations found from Table 1 we can conclude that the optimal total inventory cost TIC* is directly associated with holding cost whereas the optimal order quantity Q* and optimal cycle time T* are inversely associated with holding cost.
(b) Based on the results of Table 2 we can conclude that the optimal total inventory cost TIC** is directly associated with holding cost 'h' whereas the optimal order quantity Q 2 * and optimal cycle time T** is inversely associated with holding cost 'h'.
(c) The observation found from the Table 3 are as follows, (i) Any increase on 'β' results to an increase in optimal order quantity Q*, TIC*, whereas any decrease on optimal cycle time T* does not change holding cost 'h'.
(ii) Any increase on holding cost 'h' increases the optimal order quantity Q*, optimal cycle time T*, whereas it decreases the total inventory cost TIC*.
(d) From Table 4 , it can be easily seen that:
(i) An increase on ordering cost 'k' results to an increase on optimal order quantity Q*, optimal cycle time T* and optimal total inventory cost TIC*, keeping holding cost 'h' constant.
(ii) An increase on holding cost 'h' results to an increase on optimal order quantity Q*, optimal cycle time T*, whereas it decreases the optimal total inventory cost TIC*.
(e) From Table 5 , we observe that:
(i) An increase on ordering cost 'k' results to an increase on optimal order quantity Q 2 *, optimal cycle time T**, optimal total inventory cost TIC**, keeping holding cost 'h' constant.
(ii) An increase on holding cost 'h' results to an increase of optimal order quantity Q 2 *, optimal cycle time T**, whereas it decreases the optimal total inventory cost TIC**, keeping ordering cost 'k' constant.
Conclusion and Future Research
In this paper, we have presented a new method for inventory system with time dependent demand and time dependent holding cost by considering two cases. The first case considers constant demand and holding cost is considered constant for the second case. Simple common optimization algorithm has been developed to find optimal solution and the proposed model has been examined using some numerical examples. The preliminary results indicate that the total inventory cost increases when we increase the holding cost 'h'. It has also observed from the sensitivity analysis that the total inventory cost increases with the increase of ordering cost 'k' and 'β' , whereas total inventory cost decreases with the increase of holding cost 'h'
The model presented in this study can be extended in different ways. For instance, the model can be extended for variable ordering costs and non-instantaneous receipt of orders. This model can also extend for deteriorating items as well as shortages, freight charges etc.
